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section S1. Chemical potential tuning by Bi/Sb composition ratio
To realize the robust axion insulator state in the tricolor structure of magnetic TI film, we carefully tuned the chemical potential within the magnetically induced gap of the surface state. The optimal Bi/Sb ratio (denoted as y in the main text (Fig. 1C) ) for the y = 0.74 Cr-Cr doped BST heterostructure is as studied in previous research (18) . We newly prepared the V-V doped BST heterostructures and investigated their charge neutrality points from the transport measurements by using Hall bars with top gate electrodes (fig. S1). Figure S1C shows VG dependence of the uniformly V-doped BST film ( fig. S1A ). The Bi/Sb ratio (w) of the films is w = 0.80. As shown in fig. S1C , xx takes a minimum at VG = -3 V, which is fairly close to 0 V indicating that the chemical potential is tuned near charge neutrality point at w = 0.80. Figure S1C shows B dependence of yx in the V-V doped tetra-layer film (fig. S1B) with w = 0.80. The value of yx (= 0.98 h/e 2 ) is close to the quantized value even at T = 0.5 K, indicating that the chemical potential is well tuned within the magnetization-induced gap. Thus, the optimal Bi/Sb ratio is determined to be w = 0.80 for the V-V doped heterostructure film.
The optimal Bi/Sb ratios for the Cr-Cr doped and V-V doped films are slightly different from each other, suggesting that the Cr-and V-doping give different amounts of chemical potential shift. In the tricolor structure of Cr-V doped film, we chose the Bi/Sb ratios of y = 0.74 and w = 0.80 for the Cr-doped and V-doped regions, respectively, so that the chemical potential lies within the magnetization-induced gaps of both top and bottom surface states. Figure S3 shows the optical microscope images of the Hall bar and Corbino disk devices used in the present study. The devices were defined by photolithography and Ar-ion milling, followed by a chemical wet etching with HCl-H3PO4 mixture for removing damaged side edge and substrate surface.
section S3. Devices for transport measurements
Ohmic contacts were formed by depositing Ti/Au (3 nm/27 nm) using electron beam evaporation. Figure S4 shows B dependence of yx and xx of the Cr-V doped tricolor TI before converting to xy and xx in Fig. 1E of the main text. In this measurement, we applied a fixed excitation voltage (100 V) and measured the current/voltage between current/voltage probes of the Hall bar device. xx takes large values exceeding 10 M (or 400 h/e 2 ) in the B range of 0.2 T < |B| < 0.8 T corresponding to the ZHP. In this B range, yx takes large negative values deviating from the conventional hysteresis curve. This is because yx is convoluted with xx through a tiny but finite capacitive coupling between the electrodes.
section S4. Raw data of the four-terminal measurement
In addition, the value ofxx in this measurement is underestimated because of the input impedance (10 M) of the voltage amplifier used in this measurement. Nevertheless, the enormously large xx makes xx and xy vanishingly small, giving rise to clear ZHPs as shown in Fig. 1E.   fig. S4. B dependence of ρxx and ρyx of Figure S5A shows time evolution of two-terminal resistance during and after the B scan. B is stopped at B = -0.38 T (t = 0) where the AP magnetization state of the Cr-V doped tricolor TI is realized. In this measurement, we applied a fixed excitation voltage of 1 mV between current terminals of the Hall bar and monitored the current passing through the sample. As shown in fig. S5 , the resistance value increases and exceeds 1 G within a few minutes after stopping the field scan. The time evolution of R2T is accompanied by decrease in temperature by several millikelvins. At t = 4 min., the resistance value jumps up to infinity because the measured current becomes smaller than our measurement resolution < 0.2 pA. The infinite resistive state is kept until B is swept back to 0 T as shown in fig. S5B and Fig. 4B in the main text. 
